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进一步权衡。本文还开展了 PDE/Scramjet 的联合实验，由于 PDE 燃料流量只有超燃发动机的 1%左
右，导致 PDE 对整体发动机性能贡献很小。最后，本文还采用总压恢复模型对组合循环发动机的推
力阻力进行了分析。 
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为：马赫数 5.05，总温 1700K，总压 3.9MPa，
模拟飞行器在 25km 高空，Mach 为 6，零攻角
巡航时的状态。  

















图 1 组合循环发动机整机示意图 
组合循环发动机进气道采用三面压缩方式
进行设计，其中顶面分两阶段压缩，压缩角分
别为 4.5°和 9°，两侧面压缩角皆为 5.5°，























侧堵块也有区别：一排 3 个Ф 2mm 的燃料氢喷
孔位于支板后缘前 32mm。在底部堵块上设计
一个 80mm 长 15mm 深后部倾角 50 度的凹腔，
在凹腔上游 5mm 处设计一排共 5 个Ф 0.8mm的
引导氢喷孔，在凹腔内距凹腔上缘 72mm 处设
















图 2 组合循环发动机内部结构示意图 














图 3 脉冲爆轰管示意图 
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（图  7），No.1228 实验的压力数值高于
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氢孔距支板后缘 49mm，总当量比为 0.61。图 







力增益进行比较（图 8 和图 10），No.1228 实
验发动机产生推力增益为 54.4T  kgf ，































































 Equivalence ratio (sides)














































 Equivalence ratio (sides)





























下安排：PDE 先工作 1.5s，超燃 冲压发动机在
PDE 工作 1s 后开始工作，两者工作时间有 0.5s

































































Inlet & Isolator Combustor Nozzle
 


































图 14 发动机底面静压及 Mach 数沿程分布（No.0302） 
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EXPERIMENTAL RESEARCH ON PDE/SCRAMJET COMBINED CYCLE ENGINE 
CHEN Qiang  WANG Chun CHEN Lihong  GU Hongbin  CHANG Xinyu 
 (State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China) 
Abstract Experimental research upon a new concept PDE/Scramjet combine cycle engine was developed in 
free shot wind tunnel. The effects of ignation and cavities to the engine performance were emphasized in this 
paper. It was found that forced ignition was very important for the stable combustion in the expanded areas near 
the PDE end. The combine experiments of PDE/Scramjet were also developed. Because of the smaller flow rate 
of PDE fuel than Scramjet, the effects of PDE was very little to the whole engine. Finally, the anlysis on 
comined cycle engine thrust and drag performance were carried on through the model based on the given 
stagnation pressure distribustion. 
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